ABSTRACT
INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease of the pancreas that can spread to surrounding structures as well as to distant organs (1) . Regardless of etiology, AP begins as an inflammatory process that is set off by the early release and activation of pancreatic enzymes in the acinar cells of the pancreas (2, 3) . Key factors for the progression of the process and for the development of pancreatic and extrapancreatic complications include the apoptosis of the acinar cells, release of cytokines, activation of the coagulation system, tissue ischemia, and tissue necrosis (4) .
The inflammatory response in AP is a result of the interactions between proinflammatory and anti-inflammatory mediators. In AP, the inflammatory process is connected to the process of coagulation. This connection is provided by the special cell receptors [protease-activated receptors (PARs)] present in inflammatory and endothelial cells. The coagulation proteases are bind to PARs, which are then activated to participate in the alteration of the inflammatory response (5, 6) . Animal studies have shown that the activation of hemostasis contributes to the progression of AP; thus, the inhibition of hemostasis would have a beneficial effect on the severity of the disease (7) . Studies on the clinical significance of various parameters of the coagulation system in predicting complications caused by AP are limited.
Recent studies have shown that thrombin activatable fibrinolysis inhibitor (TAFI), in addition to suppressing fibrinolysis, can be involved in the inflammatory process as a natural anti-inflammatory molecule. This role of TAFIs depends on its ability to deactivate activated factors, such as complements C3a and C5a, as well as proinflammatory mediators, such as bradykinin and thrombin-cleaved osteopontin (6, (8) (9) (10) . Owing to this unique biochemical activity, TAFI can be assumed to significantly affect the inflammatory process during AP; therefore, the role of TAFI in the early estimation of the severity of AP can also be considered. To our knowledge, only one study in the literature has evaluated plasma TAFI levels in patients with AP (11).
The early determination of the severity of AP is important for the early recognition of pancreatic complications, triage of patients to higher levels of care such as an intensive care unit, therapeutic decisions, and prognostication. Timely therapy prevents the progression of processes that lead to multiple organ dysfunction syndrome, which is the most common cause of mortality in patients with AP.
Identifying prognostic parameters both individually or in combination that could provide a precise prognosis of AP outcomes is imperative. In the clinical setting, different clinical parameters, scoring systems, laboratory markers, and imaging methods are used to determine the severity of AP (12) (13) (14) .
A great deal of effort has been made so far in the research of laboratory parameters that would be helpful in the timely determination of patients with AP and their stratification into groups with differential risks of complications and lethal outcomes. Unfortunately, no efficient, simple, and inexpensive parameter or system with high specificity and sensitivity for estimating the severity and prognosis of AP has been established. Taking into account the connection between inflammation and TAFI in AP as well as the absence of a superior system of predictable results, the aim of this study is to analyze the role of TAFI in estimating the severity and prognosis of AP.
MATERIALS AND METHODS
A prospective research, in the period from January 2012 to August 2016, examined 92 patients with AP. The present study only examined patients whose symptoms had appeared at 24-48 h before hospitalization. The study did not evaluate pregnant women, patients undergoing anticoagulant therapy, or patients with chronic liver disease and/or malignancy. The diagnosis of AP was established on the basis of characteristic signs and symptoms (periumbilical or epigastric pain, vomiting, and jaundice); increase levels of amylase and lipase in the serum at least three times greater than the upper limit of normal; and ultrasonographic evidence of pancreatic inflammation. Patients were classified according to the criteria of the Revised Atlanta Classification (15) . Patients (N=52) with mild AP showed neither local nor systemic complications. Patients (N=22) with moderate AP showed local or systemic complications and/or transient organ failure, corrected within 48 h. Patients (N=18) with severe AP showed persistent organ failure for more than >48 h. According to the Modified Marshall Scoring System, organ failure included cardiovascular, pulmonary, and nephrological complications (15) . These patients were hospitalized in the intensive care unit. Patients with an infection of pancreatic necrosis (44.44% of patients with severe AP) were transferred to the clinic for surgery. A lethal outcome was noted in 5 (5.4%) patients. In order to better predict a complicated AP, patients were divided into the following groups: group A with mild AP and group B with moderate or severe AP (complicated AP with potentially bad prognosis).
The whole blood count (hemoglobin, white blood cell, and platelet counts); biochemical markers [amylase, lipase, aspartat aminotranspherasis (AST), alanin aminotranspherasis (ALT), albumin, glucose, lactate dehydrogenase (LDH), urea, creatinine, and calcium]; inflammatory biomarkers [C-reactive protein (CRP), procalcitonin, and fibronectin]; erythrocyte sedimentation rate; coagulation parameters [prothrombin time (PT), activated partial thromboplastin time (APTT), fibrinogen, and D-dimer]; and TAFI levels were tested for all patients. The concentration of circulating TAFI in the plasma of patients was measured using a commercial enzyme-linked immunosorbent assay (ELISA) test (sandwich ELISA), which is based on the competitive binding of polyclonal antibodies with a specificity for TAFI, according to the manufacturer's guidelines (Wuhan USCN Business Co., Ltd., USA). The concentration was determined by a standard curve and expressed in ng/mL. According to the manufacturer's guidelines, there is no significant cross-reactivity or interference with other proteins.
All the examined patients provided their personal consent related to the use of their blood samples for this research. All patients provided a written consent to participate in the study. The study protocol was approved by the Local Ethics Committee (No: 12-1720/3).
Statistical analysis
Data were expressed as mean and standard deviation or frequencies and percentages. Categorical variables between different groups were compared using the chisquared test or Fisher's exact test. Continuous variables were assessed for normality using Kolmogorov-Smirnov test. Normally distributed data were tested with unpaired t-test. Non-normally distributed values between the two groups were compared using Mann-Whitney U-test. The discriminative ability of TAFI, fibronectin, and CRP was tested by ROC curve analysis. A p-value <0.05 was considered statistically significant. Statistical analysis of data was performed using the R version 2.15.3 software (R Foundation for Statistical Computing, Vienna, Austria) (16) .
RESULTS
After the analysis of demographic data, groups A and B were determined to be matched for sex (p=0.694). Statistically, patients in the group A were significantly older than those in the group B (p=0.031). The biliary etiology of AP among patients in the group A was significantly higher than that among patients in the group B (73.10% vs. 57.50%, p=0.046) ( Table 1 ).
The statistical analysis of the whole blood count as well as of some biochemical and inflammatory markers revealed that the number of leukocytes was significantly higher among patients in the group B, whereas the remaining parameters were not significantly different between the groups. In the present study, CRP at admission was determined to be significantly higher among patients in the group B. However, the difference was not statistically significant (p=0.052) ( The statistical analysis of coagulation parameters revealed that APTT concentration was significantly higher among patients in the group A (p=0.042). TAFI levels were significantly higher among patients with complicated forms (moderate or severe) of AP (p=0.002) (Figure 1 ).
The analysis of the ROC curve for inflammatory biomarkers (CRP and fibronectin) revealed that TAFI showed the best discriminatory ability for complicated forms (moderate and severe) of AP (AUC=0.724, p=0.013), with a sensitivity of 83.30% and a specificity of 56.00% (Figure 2 ). The remaining tested parameters were not statistically significant (Table 3) .
DISCUSSION
The timely recognition of patients with AP who have a risk of developing complications or have already developed complications is highly important.
Different multifactorial scoring systems use parameters at the same time that need to be determined at different times, and these systems are often very complicated to use (12) (13) (14) (15) (16) (17) . The most sensitive parameter or scoring system has not been verified to date (18) .
The first result of our study is the finding that CRP at admission was higher among patients with complicated AP (group B). However, the difference was not statistically significant probably owing to the small sample or the premature determination of CRP.
CRP is a non-specific inflammatory mediator that is often used to evaluate the severity of AP. Analysis of CRP is widely available in laboratories, and various researchers have suggested using CRP as a prognostic marker for severe AP (18) (19) (20) . However, the main problem is that the specificity of CRP in the prediction of the severity of AP is only 80% (15) . Analysis of CRP has a sensitivity of 73% and specificity of 71% in the prediction of the severity of AP (14) . CRP does not reflect the severity of AP when these levels are measured in the early phase after onset. CRP has to be measured at >48 h after the onset of clinical symptoms because CRP levels peak at 24-48 h after the onset of pancreatitis (21) (22) . Stirling et al. (23) have suggested that a rise of >90 mg/dL from admission or an absolute value of >190 mg/dL at 48 h predicts severe disease with the greatest accuracy.
The analysis of blood test results in this study revealed that the number of leukocytes at admission was significantly higher among patients in the group B. However, leukocytosis is not sufficiently specific to assess the severity of AP.
The second result of our study is the finding that significantly higher levels of TAFI were detected in the groups of patients with complicated forms of AP (group B) than in those with mild AP (group A). TAFI values were determined at the admission of patients. ROC analysis revealed that TAFI is a useful prognostic parameter that allows the differentiation of complicated forms of AP from mild AP. .00
Group B
The analysis of ROC curve demonstrated that TAFI shows a better discriminatory ability for mild and complicated forms of AP than inflammatory biomarkers (fibronectin and CRP), with a sensitivity of 83.30% and a specificity of 56.00%.
Despite the fact that there is substantial experimental evidence suggesting an important role of the coagulation system in AP, studies on the clinical significance of coagulation parameters in assessing the severity and predicting the course of AP remain scarce. TAFI is one of the coagulation parameters that following the start of the inflammatory process can influence the severity and outcome of AP. TAFI is a 58 kDa carboxypeptidase that is synthesized in the liver and circulates in the plasma as a zymogen and is activated mostly by thrombin/thrombomodulin complex and converted to the active enzyme (TAFI) (24) (25) . TAFI plays the role of a regulatory protein in the coagulation/fibrinolysis balance, inflammation, and active thrombin/thrombomodulin from the surface of endothelial cells (26) (27) . Taking into account its unique biochemical activity, one can assume that TAFI, in addition to suppressing fibrinolysis, significantly affects inflammation during AP. TAFI is now recognized as another physiological substrate for the thrombin/thrombomodulin complex. Through the activation of PAR on monocytes, smooth muscle cells, and endothelial cells, thrombin can act as an anti-inflammatory molecule, providing a direct link between coagulation and inflammation (28) . This dual function in the regulation of the coagulation and inflammatory processes makes TAFI an interesting protein in the pathophysiology of AP.
Existing clinical studies have investigated the value and effect of TAFI in patients with ulcerative colitis and Crohn's disease, type 2 diabetes, rheumatoid arthritis, and cardiovascular diseases; studies regarding the role of TAFI in AP are limited to date (9, (27) (28) (29) . A study by Sayilir et al. (11) has aimed to examine TAFI as an indicator of inflammation as well as its possible association with clinical and radiological parameters in AP. In the present study, which included 21 patients with AP, elevated TAFI levels were detected at the initial phases of AP with a significant decline in these values following treatment. TAFI-Ag was found to have high sensitivity, specificity, and predictive value in AP. The analysis of the overall accuracy of TAFI in determining the severity of AP was found to be 83.3%, with a sensitivity of 80.9% and a specificity of 85.7%.The limitation of our study is primarily in the relatively small sample size. Accomplishing such studies in a larger cohort would be interesting.
In conclusion, we found that plasma TAFI levels are higher in patients with complicated forms of AP. Determining TAFI levels as a single parameter has a greater significance in the early estimation of the severity of AP than determining other inflammatory biomarkers. In addition, TAFI may play a key role in regulating the crosstalk between coagulation, fibrinolysis, and inflammation. Further research is certainly imperative. We believe that TAFI can be an effective indicator of disease activity. For the wider use of this parameter, the standardization of test kits for its detection in the serum is warranted.
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